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records and combining the advantages of Bayesian network uncertainty inference. Methods The screening model
derivation cohort was derived from the Cheeloo Lifespan Electronic Health Research Data-library ( Cheeloo LEAD) and
divided into training and testing sets in a 7 :3 ratio. The external validation cohort was sourced from the Boxing
Collaboration Center Database of the National Healthcare Big Data Research Institute ( Boxing Database) . The univariate
Logistic regression analysis was used to screen for factors significantly associated with the ischemic stroke. These
associated screening factors were used to develop the Bayesian network. The tabu search algorithm was employed for
structure learning, while Bayesian estimation algorithm was used for parameter learning, ultimately leading to the devel-
opment of the ischemic stroke screening model. The performance of the model was evaluated in terms of both discrimi-
nation and calibration abilities, and compared with the traditional Logistic regression model in screening for ischemic
The derivation cohort included 1,067,609 individuals,

stroke. The external validation cohort included 386, 773 individuals,

stroke. Results among whom 31,019 suffered from ischemic
among whom 13, 393 suffered from ischemic
stroke. After the univariate screening, 67 screening factors were identified. The final Bayesian network model included
68 nodes and 440 directed edges. The parent nodes of the ischemic stroke node included age, hypertensive diseases,
ischemic heart diseases, chronic lower respiratory diseases, other cerebrovascular diseases, episodic and paroxysmal
disorders, and the symptoms and signs involved cognition, perception, emotional state and behavior. The AUC for the
training set, testing set, and external validation cohort were 0.840 (95% CI. 0.838-0.843), 0.839 (95% CI. 0.836-
0.843), and 0.811 (95%CI. 0.808-0.814) ,

also performed well. Our newly developed screening model continued to outperform the traditional Logistic regression

respectively, indicating good discrimination ability, and calibration ability

screening model, even in the presence of missing data. Conclusion This study developed the ischemic stroke screening

model with the advantage of Bayesian network uncertainty inference. The model has good discrimination and calibration
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abilities, providing a convenient and efficient method for early ischemic stroke screening.
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Figure 1 Flow diagram of the screening process of the study population
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Table 1 Baseline characteristics of the derivation cohort and external validation cohort /n( %)
I % BAF (n=1067 609) SN EIEBAS (n=386 773)
A AR BN Rl p P NY 1K Bl P
i 2 e fii 2 e i 2 e i 2 e
(n=1036590) (n=31019) (n=373380) (n=13393)
i/ % <0.001 <0.001
[18,25) 55169(5.3) 134(0.4) 36 557(9.8) 26(0.2)
[25,35) 301 009(29.0) 1089(3.5) 60 112(16.1) 123(0.9)
[35,45) 181444(17.5) 1259(4.1) 61611(16.5) 398(3.0)
[45,55) 193227(18.6) 4100(13.2) 86504(23.2) 1928(14.4)
[55,65) 147 778(14.3) 8012(25.8) 57301(15.3) 2889(21.6)
[65,75) 100 689(9.7) 9139(29.5) 48 865(13.1) 5065(37.8)
[75,85) 47203(4.6) 6092(19.6) 17 030(4.6) 2462(18.4)
=85 10071(1.0) 1194(3.8) 5400(1.4) 502(3.7)
e <0.001 0.096
B 383 814(37.0) 15004 (48.4) 190902(51.1) 6946(51.9)
i 652776(63.0) 16 015(51.6) 182478(48.9) 6447(48.1)
FHEIW PR A RGN 2 B E 204(0.0) 23(0.1) <0.001 61(0.0) 7(0.1) 0.006
HEMRI R FE B9 R 2435(0.2) 334(1.1) <0.001 520(0.1) 72(0.5) <0.001
FAEHERRE R 2 48 557(4.7) 4533(14.6) <0.001  28062(7.5) 2127(15.9) <0.001
M AR AP R 8612(0.8) 485(1.6) <0.001 3687(1.0) 217(1.6) <0.001
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A PN YIRS AR I P A FR i It 4 AR P
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(n=1036590) (n=31019) (n=373380) (n=137393)

ﬁgﬁﬁ*ﬂ% B2 S S L f 2908(0.3) 183(0.6) <0.001 690(0.2) 64(0.5) <0.001
P22 2 G H A 2L 6280(0.6) 548(1.8) <0.001  1247(0.3) 82(0.6) <0.001
At tR AR g 21 674(2.1) 1579(5.1) <0.001  4906(1.3) 528(3.9)  <0.001
T4 2 R 9 1279(0.1) 92(0.3) <0.001 463(0.1) 49(0.4) <0.001
CNER Y 6966(0.7) 263(0.8) <0.001  3015(0.8) 85(0.6) 0.031
Efb et H-58 8398(0.8) 311(1.0) <0.001  8253(2.2) 230(1.7)  <0.001
N B 6588(0.6) 439(1.4) <0.001  7809(2.1) 726(5.4)  <0.001
[y AR S 150 772(14.5) 12 673(40.9) <0.001 65 896(17.6) 6545(48.9)  <0.001
At B 11055 95 32395(3.1) 5747(18.5) <0.001 12326(3.3) 2131(15.9) <0.001
Sk /NS KRB 40 00048 15115(1.5) 1162(3.7) <0.001  2989(0.8) 427(3.2)  <0.001
ﬁiiﬁm%ﬁiﬁm@%ﬁﬁ%ﬂ 32037(3.1) 1317(4.2) <0.001 11952(3.2) 442(3.3) 0.538
TEIR R G A RN AR R4 19 R 684(0.1) 70(0.2) <0.001 178(0.0) 17(0.1) <0.001
Bk L R T R 12 8601(12.4) 4860(15.7) <0.001 153 356(41.1) 5938(44.3) <0.001
oAl 1 WP B 39313(3.8) 1349(4.3) <0.001 65448(17.5) 1795(13.4)  <0.001
M I GE P 72012(6.9) 4254(13.7) <0.001 27372(7.3) 1291(9.6)  <0.001
B it O G 109 135(10.5) 9537(30.7) <0.001 26720(7.2) 3221(24.0) <0.001
At ) 2 9 19 802(1.9) 671(2.2) 0.001  2569(0.7) 149(1.1)  <0.001
T I 3 U A 003 92 0 51529(5.0) 1975(6.4) <0.001 24 778(6.6) 806(6.0) 0.005
wE BT R mEs 122 699(11.8) 5553(17.9) <0.001 72956(19.5) 3374(25.2) <0.001
%iﬂﬁumﬁ*ﬁﬁﬁ%ﬁ o 2 12488(1.2) 536(1.7) <0.001  5298(1.4) 209(1.6) 0.186
i 7070(0.7) 307(1.0) <0.001  1826(0.5) 112(0.8)  <0.001
JRIRGL LN 96 NG I 26 17 953(1.7) 921(3.0) <0.001  4510(1.2) 174(1.3) 0.363
JHF FOE 955 975 50761(4.9) 2092(6.7) <0.001 11183(3.0) 589(4.4)  <0.001
REE | RETE 0B R S 30271(2.9) 1564(5.0) <0.001  6721(1.8) 396(3.0)  <0.001
F kg A% 32436(3.1) 1048(3.4) 0.014 15931(4.3) 444(3.3)  <0.001
B LB 7528(0.7) 264(0.9) 0.012  2928(0.8) 67(0.5) <0.001
F R B 5 9751(0.9) 278(0.9) 0.441  5461(1.5) 76(0.6) <0.001
RPEZ TR 22 168(2.1) 1422(4.6) <0.001 23189(6.2) 1044(7.8)  <0.001
KT 22 424(2.2) 1267(4.1) <0.001 10386(2.8) 535(4.0)  <0.001
HHE 41 774(4.0) 2089(6.7) <0.001 13 969(3.7) 722(5.4)  <0.001
HoAth R 20 48 22447(2.2) 885(2.9) <0.001 13 158(3.5) 489(3.7) 0.447
I YR o PO 9 TR R 40 B 3 6703(0.6) 459(1.5) <0.001  1704(0.5) 185(1.4)  <0.001
B NER R 5266(0.5) 363(1.2) <0.001 591(0.2) 33(0.2) 0.017
B /N ] [T 7500(0.7) 228(0.7) 0.840  2335(0.6) 79(0.6) 0.648
B Dy tie v 8255(0.8) 681(2.2) <0.001  1391(0.4) 149(1.1)  <0.001
5 vy bR A 1) H A g AR 16 124(1.6) 857(2.8) <0.001  3801(1.0) 272(2.0)  <0.001
WA PR 2 45 0 oAb 23561(2.3) 1392(4.5) <0.001 11 140(3.0) 474(3.5)  <0.001
1 T8 15 i 11979(1.2) 526(1.7) <0.001 20 654(5.5) 443(3.3)  <0.001
R AEFIRNFIR R G RAERFIALE 64 061(6.2) 3262(10.5) <0.001 31388(8.4) 1208(9.0) 0.013
B IRANE T HBRRERFIALE  12455(1.2) 533(1.7) <0.001  4891(1.3) 255(1.9)  <0.001
i?ﬁf%ﬂmm%ﬁ%’%%%ﬁ%ﬂ 1287(0.1) 108(0.3) <0.001 289(0.1) 28(0.2) <0.001
BRI R ARSI 32473(3.1) 3690(11.9) <0.001 17 081(4.6) 1377(10.3)  <0.001
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A oA Rk I Jn 873111 K P AembE BB P
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(n=1036590) (n=31019) (n=373380) (n=13393)

— B R ANARAT 192 925(18.6) 6732(21.7)  <0.001 24532(6.6) 1031(7.7) <0.001
THAL AR B A B 14518(1.4) 581(1.9)  <0.001

;;;)gﬁﬁ bR AR AL 20255(2.0) 727(2.3)  <0.001

IR EEL 3 I IR S ZH 2 ) S e g 6798(0.7) 138(0.4)  <0.001

BASARE BB AR MY bR 12651(1.2) 413(1.3) 0.084  1334(0.4) 64(0.5) 0.027
PO I GBI ] ) B fR 6067(0.6) 227(0.7) 0.001  1299(0.3) 48(0.4) 0.898
Hoflh ZobE T P ke 37 163(3.6) 1795(5.8)  <0.001 12442(3.3) 400(3.0) 0.030
AT Y0 DR 42952(4.1) 3300(10.6) <0.001 13429(3.6) 1619(12.1) <0.001
KA R 26 776(2.6) 674(2.2) <0.001 5336(1.4) 202(1.5) 0.471
IR, 22 5 1 oA g 28 238(2.7) 1489(4.8)  <0.001 10320(2.8) 446(3.3) <0.001
Jo 1) He A 555 38 718(3.7) 1390(4.5)  <0.001 15604(4.2) 703(5.2) <0.001
R 39238(3.8) 1589(5.1)  <0.001 9110(2.4) 411(3.1) <0.001
W5 R 82 546(8.0) 6393(20.6) <0.001 24802(6.6) 2335(17.4) <0.001
BRAR 1141(0.1) 37(0.1) 0.693 552(0.1) 26(0.2) 0.212
HAth B F7Eh = 4450(0.4) 103(0.3) 0.011 2119(0.6) 61(0.5) 0.100
RFFEEL 49 325(4.8) 2961(9.5) <0.001 22918(6.1) 1837(13.7) <0.001
AR UM ORI R ) K b e A 3005(0.3) 224(0.7)  <0.001 366(0.1) 21(0.2) 0.048
BT (1K) s 7582(0.7) 413(1.3)  <0.001 805(0.2) 62(0.5) <0.001
Eﬁggﬁ}%ﬁﬁ%mmmﬁbﬁ 50209(4.8) 2647(8.5)  <0.001 11453(3.1) 734(5.5) <0.001
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Table 2 Univariate Logistic regression analysis of ischemic stroke

A Beta SE OR(95%CI) Wald P
i/ %

[18, 25) 1

[25, 35) 0.335 0.106 1.398(1.135~1.723) 3.149 0.002

[35, 45) 0.982 0.106 2.670(2.170~3.284) 9292 <0.001

[45, 55) 2.109 0.102 8.243(6.751 ~10.064) 20.707  <0.001

[55, 65) 3.043 0.101 20.974(17.206~25.568)  30.117  <0.001

[65, 75) 3.546 0.101 34.690(28.461~42.282)  35.123  <0.001

[75, 85) 3.896 0.101 49.194(40.324~60.016)  38.404  <0.001

=85 3.801 0.107 44.737(36.297~55.138)  35.634  <0.001
5

& 1

E 0.474 0.014 1.606( 1.564~1.651) 34313 <0.001
Al i 1677 1.158 0.020 3.185(3.064~3.310) 58.594  <0.001
FEE W PR E RGN 2 BB R 1.151 0.254 3.162(1.923~5.198) 4538  <0.001
SN b A SRS AT A R4 1.038 0.023 2.823(2.698~2.953) 45.014  <0.001
PEIR Z G0 H AN ARG 15 £ 0.809 0.154 2.246(1.660~3.041) 5.238  <0.001
RN FNBE e 0.790 0.021 2.204(2.116~2.296) 38.092  <0.001

HEAR I 2R ANI8 Bl R 0.764 0.073 2.146(1.859~2.478) 10.409  <0.001
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S

A5 i Beta SE OR(95%CI) Wald P
P2 R4 A ZE L 0.690 0.056 1.994(1.788~2.223) 12.429  <0.001
B /NBR P R 0.688 0.067 1.989( 1.743~2.270) 10.204  <0.001
B A2 AL B8 2R G B R A AAE 0.618 0.123 1.855(1.457~2.362) 5.015  <0.001
MZE , 5 178 S AR ATE X BB 0.597 0.026 1.817(1.727~1.910) 23.245  <0.001
HAeh g FH = 0.570 0.123 1.769(1.389~2.253) 4.621  <0.001
T MLESG 0.564 0.015 1.758(1.707~1.812) 37.179  <0.001
NS 0.555 0.061 1.741(1.546~1.962) 9.138  <0.001
OB (TR fi 0.520 0.062 1.682(1.488~1.900) 8.339  <0.001
W5 R 0.518 0.018 1.679(1.622~1.739) 29.081  <0.001
P4 2 RT3 9 0.502 0.128 1.652(1.285~2.124) 3.917  <0.001
LA 25 AU A 248 2R e 1 HLAthope 2R 0.499 0.094 1.646(1.370~1.978) 5.324  <0.001
PARER; 375 0.490 0.077 1.632(1.404~1.897) 6.393  <0.001
FRIE LR 0.442 0.077 1.555(1.338~1.808) 5.744  <0.001
J7 R B2 9 0.418 0.074 1.519(1.313~1.758) 5615  <0.001
e B /IN R FEE I R 0.402 0.042 1.494(1.376~1.622) 9.594  <0.001
RPEZ AR 0.392 0.034 1.481(1.384~1.584) 11.396  <0.001
5 Dy fie v 0.380 0.050 1.463(1.326~1.614) 7.569  <0.001
Bt 0 S 0.359 0.016 1.432(1.387~1.479) 21.856  <0.001
A (LR R ) R S 0.359 0.088 1.432(1.205~1.701) 4.087  <0.001
SR RN 2 A SR RE AR A AE 0.340 0.054 1.404(1.263~1.562) 6.259  <0.001
AE Al et H B¢ 0.308 0.070 1.360(1.185~1.561) 4372 <0.001
P RZ TR AN A5 473 Ry A ) 9 B ek e 0.295 0.054 1.343(1.207~1.493) 5.445  <0.001
P2 AR AR 22 AR R 0.288 0.059 1.334(1.188~1.498) 4.871  <0.001
WA PR 22 58 1Y Ho A o 0.265 0.035 1.303(1.217~1.395) 7.614  <0.001
Sk L I R 0.260 0.019 1.297(1.249~1.348) 13.383  <0.001
Je kg A% 0.240 0.039 1.272(1.178~1.373) 6.131  <0.001
(WY R S 0.235 0.029 1.265(1.195~1.338) 8.147  <0.001
Y8 15 i 0.226 0.055 1.254(1.126~1.396) 4.115  <0.001
AL 0.222 0.024 1.249(1.190~1.310) 9.062  <0.001
8 T AG IR 32 45 19 ik PR A AATE 0.211 0.023 1.234(1.179~1.292) 9.043  <0.001
HHER 0.209 0.028 1.232(1.165~1.302) 7.353  <0.001
— B TR A AE 0.189 0.017 1.208(1.168~1.249) 10.982  <0.001
oAt U B B 0.188 0.035 1.207(1.127~1.293) 5.391  <0.001
Holb b T PRI R 0.182 0.031 1.200(1.130~1.274) 5.937  <0.001
Bk /NS AT B A0 1L 0.178 0.038 1.195(1.108~1.288) 4.638  <0.001
HAth R 20 480 0.170 0.043 1.185(1.090~1.288) 3.990  <0.001
PR 0.168 0.035 1.183(1.104~1.268) 4759  <0.001
K b A R T 2 R AT 2R R A A 0.153 0.035 1.165(1.088~1.248) 4387  <0.001
BRI 0.143 0.032 1.154(1.084~1.229) 4.459  <0.001
HABZE A0 BT 0.137 0.024 1.147(1.094~1.202) 5.700  <0.001
P T R I T 0 0.096 0.021 1.101(1.056~1.148) 4559  <0.001
T B Mt i8R 0.082 0.018 1.086(1.047~1.126) 4463  <0.001
NEHE JETE R R -0.124 0.033 0.883(0.829~0.942) -3.806  <0.001
mm R AR -0.133 0.033 0.875(0.821~0.933) -4.054  <0.001
FFREZE -0.160 0.028 0.852(0.806~0.901) -5.610  <0.001
17 B9 oAt 9 -0.184 0.034 0.832(0.778~0.889) -5.413  <0.001
-1 22 495 1) L e -0.251 0.034 0.778(0.728~0.831) -7.478  <0.001
5 iy bR A 1) LA g R -0.261 0.044 0.770(0.707 ~0.839) -5.987  <0.001
B /N - (] S 0 -0.347 0.083 0.707(0.601~0.832) -4.183  <0.001
SIS ARE BB R AN BbyE -0.349 0.061 0.705(0.626~0.795) -5.736  <0.001
B A by -0.350 0.049 0.705(0.640~0.775) -7.190  <0.001
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A Beta SE OR(95%CI) Wald P

Ji g . I 9 R i O 2 -0.374 0.060 0.688(0.612~0.774) -6.215  <0.001
PO R A BE R ) 3 B £ -0.390 0.082 0.677(0.577~0.795) 4764  <0.001
Al i g2 9 -0.408 0.048 0.665(0.605~0.731) -8.472  <0.001
Jili -0.448 0.071 0.639(0.556~0.734) -6.325  <0.001
IR E 3 I IR DG 2 4 S e g -0.463 0.109 0.629(0.508~0.779) -4.248  <0.001
ASE Ak & R R A A A P -0.564  0.047 0.569(0.519~0.623) -12.103  <0.001
THAL A B B -0.595 0.052 0.552(0.498~0.611) -11.352  <0.001
BRAR -1.095 0.236 0.334(0.211~0.531) -4.638  <0.001
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Figure 2 Bayesian network structure of the ischemic stroke screening model

F 3 GRIUPER A T A AR R (R )
Table 3 Conditional probability table for the ischemic stroke node ( partial )

, . Py
i Y TR 1 R Y e g N
wih T g TV g g o LTTERSR - BOR
0 7 1 1 1 0 1 0 0.808
1 2 0 0 1 0 0 0 0.068
0 5 0 0 0 0 1 1 0.837
1 1 1 0 0 1 0 1 <0.001
0 4 0 1 1 1 0 1 0.962
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\ " BRI

Bt BAFIER LM AT Bt T

” N A T i By el MU i WeseRAs A

B I P [ RN = R i o
0 4 0 0 1 1 0 0 0.943
1 3 0 1 1 1 0 0 0.058
0 0 0 1 0 0 0 1 >0.999
0 3 0 1 1 0 0 0 0.900
0 5 1 0 0 0 1 1 0.876
0 1 1 1 1 0 0 0 >0.999
1 2 0 0 1 0 0 1 0.029
0 0 1 1 0 1 0 0 >0.999
1 5 0 0 1 1 1 0 0.135
0 3 0 1 0 0 0 0 0.968
1 0 1 1 0 1 1 1 0.500
0 4 0 1 0 1 0 0 0.943
0 1 0 1 1 0 1 1 0.667
0 4 0 0 1 0 1 1 0.978
0 4 1 0 1 0 0 0 0.892
1 2 0 0 1 1 0 1 0.001
0 7 0 0 0 0 0 0 0.920
0 1 1 1 1 1 1 1 0.727
1 2 0 0 0 1 1 1 0.100
0 2 0 1 0 1 0 0 0.967
0 7 0 1 1 1 1 1 0.583
1 3 0 1 1 0 0 1 0.075
0 2 0 1 1 0 0 0 0.922
0 4 1 1 0 0 0 1 0.914
1 4 1 0 0 1 0 0 0.054
0 7 0 1 1 1 0 0 0.800
1 4 1 0 0 0 1 1 0.089
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LAY ) H1 53] 68 7 At 5 O A 55 AU A HE B T BT
FEMAR 55 A0 56 1F BA 371 v A% s Bl AL 5k 2K L 41
509 15}, DU Hir o 28 i A AU i) AUC 3485 T e ad 4
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Figure 3 ROC curve of the Bayesian network-based ischemic stroke screening model
A: Training set; B. Testing set; C. External validation.
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Figure 4 Calibration curve of the Bayesian network-based ischemic stroke screening model
A Training set; B. Testing set; C: External validation.
K4 BAREEBIK LB 50% 5 5T VL5700 28 i A AR S Logistic 171§ #4541 Ry AR X
Table 4 The model comparison between the Bayesian network screening model and the Logistic regression
screening model in the context of a 50% missing data rate
HIGE ) KEfERe I
" DeLon;
B AUC (P B o
(95%CI) (95%CI) (95%Cr)
3 | SRR Il B M i
B LB 0% By TS (26T DL M5 24 Bk B 0.830(0.827~0.834)  <0.001  1.025(1.013~1.037)  0.000(-0.001~0.000)

A AR )

BRG] 50% A iR 4E (5T Logistic [91JH Aoy ik 6 14 i
A rh i AR )

R LA 509 Y 51 30 36 BA ] ( ik T DL 38 90 2% 14 it
PR AR )

B L] 50% 19 AN B8R BA A ( 3T Logistic 7119 4 &kt
I P i A A AR )

0.809(0.805~0.812)

0.809(0.806~0.812)

0.797(0.794~0.800)

0.327(0.244~0.410)  0.007(=0.002~0.017)

<0.001  1.000(0.932~1.068)  0.001(-0.003~0.004)

0.336(0.234~0.437)  0.011(-0.002~0.024)
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MR 4552t
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N2 P 0 A TR | 138 56 F BA 81 HR AR RL A AUC S
0.811(95%CI.0.808 ~0.814 ) , 72 BH % ifi 2 41 76 HL %
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AR I T Zoad 4 Ak PR A2 58 Logistic [n] I i #x
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